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Vaccine scepticism poses a significant global health risk, which has again become clear during the ongo-
ing Covid-19 pandemic. Previous research has identified spirituality as an important contributor to gen-
eral vaccine scepticism. In the present manuscript, we assessed whether self-identified spirituality
similarly contributes to scepticism towards Covid-19 vaccines, vaccine uptake, and indecisiveness in
intention to be vaccinated. We conducted three studies online in the UK in late 2020, early 2021, and
the summer 2021. In Studies 1 and 2 (N = 585), as expected, individuals who strongly identified as spir-
itual were more sceptical about Covid-19 vaccines. This association was explained by low faith in science,
but not by conspiracy beliefs. Importantly, among the vaccinated participants, those who were more spir-
itual were more indecisive to get a Covid-19 vaccine. Using structural equation modelling (SEM), we fur-
ther found that spirituality directly predicted lower likelihood of being vaccinated against Covid-19
(Study 3, N = 456). We also identified low science literacy as an additional predictor of Covid-19 scepti-
cism, but not self-reported vaccine uptake. To conclude, spiritual beliefs are an important factor to con-
sider when aiming to increase understanding of vaccine-related science scepticism and vaccination
rejection.

� 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
The most effective tool in ending the Covid-19 pandemic is vac-
cination. Several Covid-19 vaccines have been developed and pro-
ven to be safe and effective in generating an immune response
against the virus (e.g., European Medicines Agency, 2020; UK
Department of Health and Social Care, 2020; US Food and Drug
Administration, 2020). Despite availability - at least in developed
countries - and the enormous negative health, social, and economic
impact of the pandemic, a substantial amount of people are scep-
tical towards Covid-19 vaccines and are unwilling to be vaccinated
[3,7,19,24]. For example, 31 % of the British population was indeci-
sive about getting a Covid-19 vaccine in mid 2021 [24], and similar
rates have been noted in the US and various European countries
[20,25]. Some demographic groups (e.g., younger people, and those
with low income) rejected Covid-19 vaccines more than others
[24]. Importantly, high levels of vaccine scepticism, especially at
the beginning of vaccine rollout, might have been particularly
detrimental to early mass vaccination and achieving population
immunity. In the present manuscript, we define Covid-19 vaccina-
tion scepticism as a negative attitude towards Covid-19 vaccines
characterised by unwarranted beliefs, distrust, and exaggerated
health risk associated with receiving a Covid-19 vaccine (e.g., wor-
rying about their long-term effects or that their side effects out-
weigh the benefits) and distrust in scientists and authorities
developing and approving the vaccines (e.g., thinking that Covid-
19 vaccines development was rushed).

Why do so many people doubt vaccination against COVID-19?
Earlier studies suggested that religiosity is one of the main road-
blocks to science acceptance in general [23;25;32,29]. However,
an accumulating body of literature indicates that self-identified
or objectively measured spirituality, in particular, predicts scepti-
cism towards vaccination [32,33,31]. While both religiosity and
spirituality are belief systems associated with beliefs in supernat-
ural agents, religious individuals follow specified practices, beliefs,
and behaviours set out by a religious institution (e.g., the Catholic
Church). On the other hand, spirituality has been characterised as a
belief without belonging (e.g., [13] or a ‘‘privatised, experience-
oriented religion” [38]). That is, spiritual individuals do not follow
an organisation to guide their beliefs. Instead, they gain insights
into the nature of reality by relying on personal experiences and
an intuitive epistemology, which likely play an important part in
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shaping distrust towards vaccination [31]; also see [9;14]. Rutjens
and van der Lee [31] argued that such an experiential approach to
truth conflicts with scientific knowledge about vaccines, which is
experienced by many as at least somewhat counterintuitive
[36].1 In the current work, we tested whether spirituality in a similar
vein contributes to Covid-19 vaccine scepticism, indecisiveness to
get vaccinated, and self-reported vaccine uptake.

Overall, research indicates that both self-identified and objec-
tively measured spirituality predicts science scepticism in some
but not other domains of science. Indeed, science scepticism is
heterogenous– diverse predictors contribute to scepticism across
different domains [30,33,31]. For example, religious orthodoxy
predicts evolution scepticism but not other types of scepticism,
while political orientation mainly predicts climate change scepti-
cism. Importantly, spirituality has emerged as a consistent predic-
tor of low general faith in science (i.e., a disbelief that science is the
most reliable way to gain scientific knowledge) across cultures, an
effect which was more pronounced in WEIRD (Western, Educated,
Industrialized, Rich, and Democratic) than non-WEIRD countries
[33]. The same cross-national study demonstrated that general
vaccine scepticism was best predicted by low science literacy
(i.e., poor understanding of basic concepts about science across
many science domains) and high spirituality, but not religiosity
(see also [1]). These findings have been further corroborated in
studies conducted in the Netherlands and Greece [31,32]. Further,
a study conducted in Australia demonstrated that higher beliefs in
spiritual experiences as a source of knowledge also had higher
levels of vaccine scepticism [1].

Altogether, building upon the growing body of evidence demon-
strating that spirituality predicts vaccine scepticism, our primary
prediction in the current researchwas that spirituality predicts scep-
ticism towards Covid-19 vaccines. Further, based on evidence indi-
cating that science literacy also contributes to vaccination
scepticism, we hypothesised low science literacy to be an additional
predictor of Covid-19 vaccination scepticism based on previous
research showing that general vaccination scepticism is partially
explained by low science literacy [32,31]. This prediction stems from
earlier theoretical accounts of science scepticismsuggesting that lack
of basic science knowledge is the cause of negative attitudes towards
science in general (see [27], for an overview). That is, because science
is difficult to understand, people reject it. As themechanisms behind
vaccination are difficult to grasp andmight seem counterintuitive, it
is possible that lacking fundamental scienceknowledge across differ-
ent scientific disciplines predicts less appreciation for a more com-
plex science concerning Covid-19 vaccines.

Subsequently, we also explored worldview variables that could
explain the link between spirituality and Covid-19 vaccine scepti-
cism. First, as spirituality has been identified as a robust predictor
of general faith in science cross-culturally [33], we tested whether
the expected association between spirituality and Covid-19 vac-
cine scepticism might be explained by low faith in science.

Second, several lines of research point to conspiracy beliefs pre-
dicting higher vaccination scepticism [12,15,31]. Interestingly,
spirituality shares some important features with conspiracy
beliefs. For example, spirituality and conspiracy beliefs may co-
occur as they both refer to powerful agentic entities, paranormal
events, or an intricate interconnectedness between various aspects
in the world [8,37]. Because of such similarities, the term conspir-
ituality has been coined [40]. Although some of the characteristics
concerning spirituality and conspiracy beliefs might be also attrib-
uted to religiosity, spirituality has been found to predict general
1 Shtulman suggests that intuitive theories of illness are grounded in people’s
behaviours rather than in the notion that they illness is caused by microbes. As a
consequence, the notion of injecting dead or weakened strains of virus into the body
to provide immunity strikes people as counterintuitive.

2 See https://www.gov.uk/government/speeches/prime-ministers-statement-on
coronavirus-Covid-19–19-December-2020.
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and Covid-19-specific conspiracy beliefs [8]; see also [26]. Hence,
we explored whether conspiracy beliefs, beyond faith in science,
could explain additional variance in Covid-19 vaccine scepticism.
We tested these issues in Studies 1 and 2.

Third, it is possible that spirituality might predict behavioural
outcomes, such that stronger spiritual beliefs might involve a
lower likelihood to be vaccinated against Covid-19. We tested this
prediction in Study 3.
1. Method

To summarise, we had three aims. First, we assessed whether
spirituality predicted Covid-19 vaccination scepticism, and
whether scientific literacy also contributes to such scepticism. Sec-
ond, we were interested to explore whether the hypothesised asso-
ciation between spirituality and Covid-19 vaccination scepticism
could be explained by faith in science or conspiracy beliefs. Third,
we tested whether spirituality also contributes to behavioural out-
comes, that is, being vaccinated against Covid-19.

To achieve these aims, we conducted three studies in which we
recruited samples of British participants. Our design was cross-
sectional and based on self-report measures administered online,
where participants expressed their agreement with a number of
statements mainly tapping into: Covid-19 vaccination scepticism,
faith in science, science knowledge, conspiracy beliefs, spirituality,
and demographic variables (see Table 1 and the Main Predictors
section below for details). The samples were balanced in terms of
age and gender to reflect the composition of the British population.
In order to measure self-reported vaccine uptake, we followed up
the same participants 6 months later to examine to what extent
they were indecisive to get vaccinated and whether they chose
to be vaccinated against Covid-19. We conducted Study 1
(N = 296) after the first Covid-19 vaccine was approved for rollout
in the UK, whilst Study 2 (N = 289) was conducted two months
later when two more vaccines were approved. During this time,
parts of the UK were under local lockdown restrictions due to high
Covid-19 infection rates.2 In each study, we measured participants’
scepticism towards Covid-19 vaccines. We also measured faith in
science (Studies 1 and 2) and conspiracy beliefs (Study 2) to test
whether these variables would explain the hypothesised link
between spirituality and Covid-19 vaccines scepticism. We then
examined a range of potential predictors of Covid-19 vaccine scepti-
cism, including science literacy, religiosity, religious orthodoxy, and
political orientation, as well as demographic variables, such as gen-
der, age, and education. Additionally, in Study 2, we also assessed
participants’ subjective science knowledge, and scientific reasoning
skills as other potential predictors of Covid-19 vaccine scepticism.
Further, we conducted Study 3 at the end of August 2021, as by this
time the majority of people in the UK had had a chance to receive a
Covid-19 vaccine. We followed up on participants from Studies 1 and
2 and asked them whether they received their vaccination and to
what extent they hesitated in their decision to get vaccinated against
Covid-19 (we only asked this question to vaccinated participants). In
this question, we use the word hesitancy to refer to indecisiveness,
rather than reluctance or refusal to vaccinate. To avoid conceptual
confusion with vaccine hesitancy as defined by WHO, we refer to
this type of hesitancy as indecisiveness.
1.1. Participants

We recruited 303 participants in Study 1 and 297 participants
to Study 2 through Prolific, an online recruitment platform. We
-
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Table 1
Samples’ Characteristics Recruited in Studies 1 and 2.

Predictors Study 1 (N = 296) Study 2 (N = 289)

Age (years) M = 47.91
(SD = 17.40),
range: 19–83

M = 47.03
(SD = 17.27),
range: 18–79

Gender Women: 149,
Men: 147

Women: 146,
Men: 143

Formal Education (years) M = 15.50
(SD = 3.81)

M = 15.44
(SD = 3.70)

Subjective Science Knowledge NA M = 4.13 (SD = 1.36)
Scientific Reasoning Skills NA M = 6.84 (SD = 2.40)
Science Literacy M = 12.01

(SD = 1.62)
M = 10.43
(SD = 2.61)

Subjective Socio-economic
status

M = 5.34 (SD = 1.51) M = 5.45 (SD = 1.56)

Science Training (yes/no) No: 239, Yes: 57 No: 234, Yes: 55
Political Orientation M = 3.46 (SD = 1.20) M = 4.66 (SD = 1.80)
Religiosity M = 2.30 (SD = 1.61) M = 2.31 (SD = 1.76)
Religious Orthodoxy M = 2.29 (SD = 1.62) M = 2.20 (SD = 1.71)
Spirituality M = 2.64 (SD = 1.53) M = 2.77 (SD = 1.77)
Covid-19 Knowledge Test M = 3.25 (SD = 0.89) M = 3.30 (SD = 0.84)
Positive Covid-19 Test Yes: 7, No: 289 Yes: 17, No: 272
Conspiracy Belief NA M = 4.79 (SD = 2.12)
Faith in Science M = 4.96 (SD = 1.22) M = 5.10 (SD = 1.35)
Outcome variables
Covid-19 Vaccine Scepticism M = 2.82 (SD = 1.24) M = 2.57 (SD = 1.27)
Covid-19 Vaccine Uptake

(measured in Study 3)
Vaccinated: 92 % Vaccinated: 88 %

Covid-19 Vaccine
Indecisiveness (measured
in Study 3)

M = 1.75 (SD = 1.41) M = 1.53 (SD = 1.26)
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excluded participants who failed attention checks, such that the
total sample size was 296 in Study 1 and 289 in Study 2. All partic-
ipants were British nationals residing in the UK. We based these
sample sizes on research indicating that correlations stabilise at
samples comprising of 250 participants [35]. We increased the
sample sizes to around 300 to compensate for potential data loss.
We also recruited slightly larger samples such that they would
reflect representative quotas to the UK population based on gender
and age. Samples’ characteristics are presented in Table 1. Partici-
pants received £0.86 for their participation. Both studies received
ethics approval (Study 1: 2020-SP-12782; Study 2: 2020-SP-
12942).

Further, we conducted Study 3, where recruited 456 partici-
pants who had previously participated in Studies 1 & 2 (N = 233
from Study 1; N = 223 from Study 2). The study was approved by
the ethics committee (2021-SP-13855). Overall, 408 participants
reported that they had received their Covid-19 vaccine, 2 had an
underlying health condition and could not receive it (we excluded
these participants from the analysis), whilst 46 participants chose
not to be vaccinated.
1.2. Materials and procedure

All materials are presented in Supplemental Appendix A. We
conducted Study 1 on December 11th, 2020, just after the first vac-
cine rollout in the UK (8th December 2020), and Study 2 on Febru-
ary 9th, 2021.3 At the time we conducted Study 2, 2 additional
vaccines were approved. Across both studies, participants were
asked to answer a serious of questions online via Qualtrics software
(Qualtrics, Provo, UT). Across most measures, participants indicated
their answers on a scale (1 = Strongly disagree, 7 = Strongly agree),
unless otherwise stated. The studies took 12 min to complete. Study
3 was conducted between 25th August and 14th September 2021.
3 See https://www.bbc.co.uk/news/health-55274833.
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1.3. Main predictors

1.3.1. Scepticism towards Covid-19 vaccines
We adapted 10 items to measure scepticism towards Covid-19

vaccines based on Lewandowsky’s et al. [18] vaccination scepti-
cism scale (e.g., ‘‘I believe that a Covid-19 vaccine will have nega-
tive side effects that outweigh the benefits of vaccination” or ‘‘The
risk of a Covid-19 vaccine to maim and kill people outweighs its
health benefits”). The meaning of the items across both studies
was the same, however, in Study 2, we adapted the items phrasing
to reflect the circumstances associated with the vaccines’ approval
at the time (more than one vaccine was approved for rollout). The
examples of items in Study 2 are: ‘‘Covid-19 vaccines have been
thoroughly tested in the laboratory. They wouldn’t have been
made available to the public unless they were known to be safe
(reversed)” or ‘‘I believe that the development of Covid-19 vaccines
has been rushed, so that the vaccines are not safe to the public” All
Covid-19 scepticism items used in Studies 1 and 2 are presented in
Online Supplemental Materials. Both scales were reliable (Study 1:
a = 0.90, Study 2: a = 0.91). In Study 1, a factor analysis identified
that the last item ‘‘I worry that Covid-19 vaccines will be ineffec-
tive in the long run” loaded to a lower extent onto the only identi-
fied component in comparison to the other items (r = 0.20), whilst
in Study 2, the same item loaded onto a separate component. As
this item conceptually represents what can be termed as reason-
able scepticism towards vaccination, we removed this item from
the analyses.
1.3.2. Faith in science
To measure faith in science we used 5 items from Rutjens et al.

[30], for example: ‘‘The scientific method is the only reliable path
to knowledge”, ‘‘The only real kind of knowledge we can have is
scientific knowledge” (all studies included this measure: Study 1:
a = 0.85, Study 2: a = 0.89).
1.3.3. Covid-19 Knowledge Test
Participants completed a four-item multiple-choice test about

facts associated with Covid-19. These items were taken from Cal-
villo et al. [2]. Examples include ‘‘According to the World Health
Organization, what is the most common incubation period for
Covid-19?” and ‘‘The most common Covid-19 symptoms are. . .”.
1.3.4. Science literacy test
Participants indicated whether a series of statements (e.g., The

centre of Earth is very hot) about science were true or false (the
option ‘‘I don’t know” was included in Study 2). We adapted the
test from Hayes & Tariq [10], Kahan et al. [16], and Rutjens et al.
[30]. In addition to the original items, we expanded the test and
included the following statements: ‘‘The continents on which we
live have been moving their location for millions of years and will
continue to move in the future”, ‘‘The oxygen we breathe comes
from plants”, ‘‘The earliest humans lived at the same time as the
dinosaurs”. All the statements with true/false items are included
in Online Supplemental Materials (all studies included this
measure).
1.3.5. Political orientation
We asked participants to indicate the extent to which they con-

sidered themselves left- or right-wing from 1 (Left-wing) to 10
(Right-wing) and progressive from 1 (Very progressive) to 10 (Very
conservative). As the variables were highly correlated, we collapsed
them, Study 1: r = 0.72, Study 2: r = 0.74, Study 3: r = 0.76.

https://www.bbc.co.uk/news/health-55274833


4 When only conspiracy beliefs were introduced in Step 2 (without faith in science)
spirituality marginally predicted vaccine scepticism (partial correlations: Step 1: r =
0.13, Step 2: r = 0.10).
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1.3.6. Religiosity
We asked participants to indicate how religious they were on a

scale from 1 (not religious at all) to 7 (very religious). All studies
included this item.

1.3.7. Religious Orthodoxy
We asked participants to express their agreement with two

questions: ‘‘God has been defined for once and for all and therefore
is immutable” and ‘‘Religion is the one thing that gives meaning to
life in all its aspects” (Study 1: r = 0.81, Study 2: r = 0.83, Study 3:
r = 0.71; adapted from Fontaine et al. [6] and Rutjens et al. [30].

1.3.8. Self-identified spirituality
As spirituality is defined in the literature as a privatised, and

experience-oriented religion suggesting that people might have
their own individual definitions of their spiritual beliefs, we used
a measure of self-identified spirituality, instead of an objective
measure, in order to capture a diverse group of spiritual individu-
als. Participants were asked to indicate on a scale from 1 (not at all)
to 7 (very much) whether they considered themselves as spiritual
and whether other people considered them as spiritual (Study 1:
r = 0.85; Study 2: r = 0.90, Study 3: r = 0.85; [30].

1.3.9. Demographics
We asked participants to report age, gender, religious denomi-

nation, years of formal education, subjective social-economic sta-
tus, and whether they had science training (yes/no). We also
asked participants whether they tested positive for Covid-19 at
some point (yes/no), but we did not include this as a predictor in
the analysis, as the majority reported they did not test positive
(see Table 1).

1.3.10. Scientific reasoning scale
Participants read 11 scenarios about scientific processes and

indicated whether they were true or false (they could also select
‘‘I don’t know”), adapted from Drummond and Fischhoff [4], e.g.,
A researcher finds that American states with larger parks have
fewer endangered species. True or False? These data show that
increasing the size of American state parks will reduce the number
of endangered species (only Study 2 included this measure).

1.3.11. Subjective science knowledge
Participants indicated to what extent they considered them-

selves knowledgeable about science (one item; only Study 2
included this measure).

1.3.12. Belief in conspiracy theories
We used one item to measure participants’ belief in conspiracy

theories based on a well-validated measure by Lantian et al. [17].
Participants indicated whether a statement suggesting that the
official version of some events (e.g., 09/11 attacks) ‘‘could be an
attempt to hide the truth from the public” on a scale from 1 (Com-
pletely false) to 9 (Completely true). Only Study 2 included this
measure.

Across Studies 1 and 2 we also included other measures that are
not discussed in the present manuscript (i.e., intention to be vacci-
nated against Covid-19, general vaccine scepticism, Covid-19 pre-
vention measures scepticism, Covid-19 conspiracy beliefs, and
intentions to comply with Covid-19 prevention measures).

1.3.13. Vaccination indecisiveness and uptake
In Study 3, we asked participants to indicate to what extent

they hesitated to get a Covid-19 vaccine on a scale from 1 (Not at
all) to 7 (A lot) and whether they were fully vaccinated against
Covid-19 or not. Participants also had an option to indicate that
they did not receive a vaccine due to underlying health conditions.
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Two participants indicated having underlying health conditions
and hence were removed from the analysis. We included other
measures that are beyond the scope of the present manuscript,
and hence are not discussed further.

2. Analytical strategy

To provide robust evidence for our predictions, we used two
types of analysis. First, we estimated hierarchical regressions to
test whether spirituality predicted Covid-19 vaccination scepti-
cism, controlling for worldview and demographic variables, and
whether the effect of spirituality would be reduced when faith in
science and conspiracy thinking were introduced into the models.
Second, to obtain direct evidence for the potential mediating role
of faith in science in the relationship between spirituality and
Covid-19 vaccine scepticism, we estimated structural equation
models (SEM). We tested the direct and indirect mediation
between spirituality and Covid-19 vaccination scepticism via faith
in science. Finally, we explored whether spirituality predicted
whether participants were indecisive to be vaccinated against
Covid-19 and whether they got vaccinated directly and indirectly
(controlling for ideological/worldview and demographic variables)
via faith in science and Covid-19 vaccination scepticism. We tested
this by estimating hierarchical regressions and SEM.

All anonymised data files and analyses code are available on

Open Science Framework: https://osf.io/753bt/?view_only=
d69940a9175344eeb1ee989d52b93399.

3. Results

3.1. Studies 1 & 2: Covid-19 vaccine scepticism

3.1.1. Study 1
A summary of the results is presented in Table 2. As hypothe-

sised, we found that higher spirituality and low science literacy
significantly predicted higher Covid-19 vaccine scepticism (Sup-
plementary Table 3, Step 1). We then entered faith in science as
a predictor (Supplementary Table 3, Step 2). This analysis indicated
that faith in science was the strongest predictor of vaccine scepti-
cism, while spirituality was no longer significantly associated with
scepticism. Further, partial correlations revealed that the relative
importance of spirituality in predicting scepticism decreased when
faith in science was introduced into the model (Step 1: partial
r = 0.13; Step 2: partial r = 0.05). These analyses suggest that faith
in science partially explained the relationship between spirituality
and Covid-19 vaccine scepticism.

3.1.2. Study 2
We applied the same strategy as in Study 1. We first conducted

a hierarchical regression analysis (see Supplementary Table 4,
Steps 1–2). Supporting our hypothesis and results from Study 2,
we found that higher spirituality and low science literacy signifi-
cantly predicted higher Covid-19 vaccine scepticism. Further, as
in Study 1, faith in science partially explained the relationship
between spirituality and Covid-19 vaccine scepticism (partial cor-
relations in Step 1: partial r = 0.13; Step 2: partial r = 0.05). We
found no evidence for conspiracy beliefs to have additional
explanatory power in the link between spirituality and scepticism
(see Supplementary Table 4, Step 3; partial correlations: Step 1:
partial r = 0.13; Step 2: partial r = 0.06, Step 3: partial r = 0.05).4

Overall, across Studies 1 and 2, we supported the hypotheses by
,

https://osf.io/753bt/?view_only=d69940a9175344eeb1ee989d52b93399
https://osf.io/753bt/?view_only=d69940a9175344eeb1ee989d52b93399


Table 2
Hierarchical Regression Results Across Studies 1 and 2 (Significant Predictors Only).

Outcome Study 1 Study 2

Step 1 Step 2 Step 1 Step 2 Step 3

Covid-19 Vaccine Scepticism +Spirituality
�Age
�SES
�Science Literacy

�Faith in Science
�Age
�SES
�Science Literacy

+Spirituality
+Religious Orthodoxy
�Age
�SES
�Science Literacy

�Faith in Science
�Age
�SES
+Religious Orthodoxy
�Religiosity

+Conspiracy Beliefs
�Faith in Science
�SES
+Religious Orthodoxy

Note: � indicates a negative predictor, whilst + indicates a positive predictor.
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demonstrating that spirituality contributed to higher Covid-19
scepticism. We then found that this relationship was likely
explained by faith in science (Studies 1 and 2), but not conspiracy
beliefs (Study 2).
4. Establishing the mediating role of faith in science using SEM

In Study 1, as a first step, we tested the direct effect of the pre-
dictor (spirituality) on the dependent variable (Covid-19 vaccina-
tion scepticism) without the mediator. Then, we tested the direct
effect of the mediator (faith in science) on Covid-19 vaccination
scepticism. We found that the full mediation model (see Fig. 1)
had a better fit than the partially mediated model (see Supplemen-
tal Appendix B: Study 1 Mediation Models). Additionally, we tested
alternative models as recommended by Danner et al. (2015) [41].
The results are presented in Supplemental Table 1 and supported
the conclusion from the regression analyses.

Supporting the results from Study 1, in Study 2, we found the
full mediation model (see Fig. 2) had the best fit and was concep-
tually more meaningful compared to the partial mediation model
and to the alternative models (see Supplemental Appendix B:
Study 2 Mediation Models and Supplemental Table 2).

To summarise, the SEM results converge with our previous
analyses, suggesting a unique association among spirituality, faith
in science, and Covid-19 vaccine scepticism. Also, although exper-
imental data are needed, the current evidence suggest that faith in
science helps explain the relation between spirituality and Covid-
19 vaccine scepticism.
5. Study 3: Vaccination intentions and Covid-19 vaccine uptake

In Study 3, we investigated behavioural intentions concerning
Covid-19 vaccines as well as self-reported uptake of these vaccines.
First, we present data associated with the extent to which partici-
pants were indecisive to get vaccinated. Second, we discuss vaccine
uptake.

5.0.1. Covid-19 vaccine indecisiveness

Moving beyond attitudes towards Covid-19 vaccines, we subse-
quently examined the contribution of spirituality to being indeci-
sive about getting Covid-19 vaccination. We combined the data
from Studies 1 and 2 where we measured demographics and ideo-
logical/worldview variables. We used these variables as predictors
of vaccine indecisiveness, which we measured in a follow-up study
(Study 3). We estimated a multilevel hierarchical regression with
intercepts varying across studies.5 First, we entered spirituality
and the control variables (ideology/worldviews and demographics)
in Step 1. We subsequently included faith in science in Step 2, and
Covid-19 vaccination scepticism in Step 3. The results are presented
5 This is because we combined our data from Studies 1 & 2. Note that only
participants who reported being vaccinated answered the question about
indecisiveness.
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in Supplementary Table 5. As expected, we found that higher spiritu-
ality significantly predicted more indecision to get Covid-19 vaccina-
tion (Supplementary Table 5, Step 1).

We found that when faith in science was included in the model,
it significantly predicted indecisiveness, such that low faith in
science was associated with high indecisiveness, whilst spirituality
was no longer a significant predictor (Supplementary Table 5, Step
2; partial correlations: Step 1: r = 0.10; Step 2: r = 0.07). In Step 3,
we found that vaccine scepticism was the strongest predictor of
vaccine indecisiveness with faith in science no longer explaining
variance in indecisiveness (see Supplementary Table 5, Step 3; par-
tial correlations: Step 1: r = -0.21; Step 2: r = -0.04).

5.0.2. Covid-19 vaccine uptake

Finally, we tested whether Covid-19 vaccine uptake was also
predicted by spirituality. To test this, we estimated a multilevel
hierarchical logistic regression with vaccine uptake an outcome
(1 – vaccinated, 0 - unvaccinated). We used the same predictors
in each step as for the vaccine indecisiveness analysis. We found
that spirituality did not predict vaccine uptake (see Supplementary
Table 6, Step 1). Further, in Step 2, we found that higher faith in
science was associated with significantly higher likelihood of being
vaccinated, whilst Step 3 revealed that vaccine scepticism was the
strongest predictor of vaccine uptake, with the other predictors no
longer contributing to it.

Overall, while spirituality was an important predictor of Covid-
19 vaccine indecisiveness among the vaccinated participants, we
did not find evidence for spirituality to contribute to Covid-19 vac-
cine uptake.
6. Study 3: Vaccination intentions and Uptake: SEM analysis

To shed additional light onto the previously found effects and
provide an overall picture of the associations among spirituality,
faith in science, scepticism, and behavioural intentions and out-
comes, we estimated two SEMmodels. We examined whether spir-
ituality predicted Covid-19 vaccine behavioural outcomes by
combining the data and predictors from all studies.6

6.1. Covid-19 vaccine indecisiveness

We estimated SEM models using combined data across Studies
1–3 (see Appendix B for measurement models fit indices). In this
model, we first specified mediation paths, whereby spirituality
was entered as a predictor of vaccine scepticism via faith in
science, controlling for ideology/worldview and demographic vari-
ables. Second, in the same model, we tested for predictors of Covid-
19 vaccine indecisiveness by including a direct path for spirituality
(i.e., excluding faith in science and Covid-19 vaccine scepticism)
6 As the hierarchical regression analyses suggested that the study context did not
xplain significant amounts of variability in the dependent variables (as indicated by
Cs), we did not conduct multilevel analyses.
e
IC



Fig. 1. Standardised Estimates for the Fully Mediated Structural Equation Model of Study 1. Note. Thin lines represent the measurement model, and structural components of
the model are displayed with bold lines.

Fig. 2. Standardised Estimates for the Fully Mediated Structural Equation Model of Study 2. Note. Thin lines represent the measurement model, and structural components of
the model are displayed with bold lines.
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and an indirect path (i.e., including faith in science and Covid-19
vaccine scepticism) in another model controlling for ideology/-
worldviews and demographic variables. The results are presented
in Fig. 3a-b (see Supplemental Appendix C for details).
7 The model fit indices suggested that this model showed a poorer fit for the data as
compared to standard cut-off indices.
6.2. Covid-19 vaccine uptake

Finally, we estimated similar models including mediation
between spirituality and vaccination scepticism via faith in
science, controlling for worldview/demographic variables, and
additional paths whereby spirituality was entered as a direct and
indirect predictor of Covid-19 vaccine uptake with control vari-
ables included. The results are presented in Fig. 4a-b (see Supple-
mental Appendix C for details).
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6.3. Summary

We found support for the previous regression and SEM analyses
suggesting that spirituality contributes to vaccine scepticism via
faith in science, controlling for worldviews and demographics.
Importantly, we showed that vaccine scepticism directly predicts
higher indecisiveness about getting vaccinated among vaccinated
participants.7 However, this association is not significant when faith
in science and Covid-19 vaccine scepticism are included, suggesting
that the link between spirituality and indecisiveness can be
explained by low faith in science and high Covid-19 vaccine scepti-



Fig. 3. Standardised Estimates for Model Including the Fully Mediated Structural Equation Model (Spirituality, Faith in Science, and Covid-19 Vaccination Scepticism) and
Spirituality Directly (a) and Indirectly (b) Predicting Covid-19 Vaccine Indecisiveness.
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cism. Finally, we found evidence for a direct effect of spirituality on
the likelihood of being vaccinated against Covid-19, with highly spir-
itual individuals being less likely to get vaccinated. Again, our further
analyses indicated that this link is likely explained by low faith in
science and increased Covid-19 vaccine scepticism.
7. Discussion

Vaccine rejection poses a significant threat to public health. This
has been made even more salient during the Covid-19 pandemic.
As the pandemic unfolded, many people across the globe became
sceptical about Covid-19 vaccines [26;39]. Previous research iden-
tified spirituality as an important predictor of scepticism towards
vaccination in general [31]. In the current research, we aimed at
232
assessing whether self-identified spirituality was also a relevant
antecedent of scepticism towards Covid-19 vaccines and beha-
vioural responses to these vaccines, i.e., indecisiveness to be vacci-
nated and vaccine uptake. Using samples of the British population
balanced in age and gender, across two studies, we supported our
predictions. We found that self-reported spirituality was indeed
predictive of higher scepticism towards Covid-19 vaccines. Further,
as hypothesised, low science literacy also contributed to such scep-
ticism, independently of spirituality.

Using hierarchical regressions combined with structural equa-
tion modelling, we obtained evidence suggesting a strong associa-
tion among spirituality, faith in science, and vaccination
scepticism. This evidence further suggests that faith in science,
but not conspiracy beliefs, helps to explain the association
between spirituality and Covid-19 vaccine scepticism. Importantly,



Fig. 4. Standardised Estimates for Path Model Including the Fully Mediated Structural Equation Model (Spirituality, Faith in Science, and Covid-19 Vaccination Scepticism)
and Spirituality Directly (a) and Indirectly (b) Predicting Covid-19 Vaccine Uptake. Note: Main variables: spr: Spirituality, faith_sc: Faith in Science, Vac_hes: Covid-19
Vaccine Indecisiveness Vac_beh: Covid-19 Vaccine Behaviour/Uptake, vac_scep: Vaccine Scepticism; Covariates: relig: Religiosity, orthod: Religious Orthodoxy, soc_stat:
Social Status; edu: Education, covknow: Covid-19 Knowledge, Sci_Lit: Science Literacy; politics: Political Orientation; SciTrain: Scientific Training. The other variables
represent latent variables for spirituality, faith in science, and vaccine scepticism. Line boldness indicates coefficient strength (bold lines indicate significant effects).
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we also show that spirituality is directly associated with higher
indecisiveness to get vaccinated against Covid-19, and this rela-
tionship is likely explained by low faith in science and higher
Covid-19 vaccination scepticism. We found the same pattern of
results in the SEM analysis for self-reported vaccination uptake:
Spirituality involved a lower likelihood to be vaccinated, and this
link was explained by low faith in science and increased Covid-
19 vaccination scepticism. However, the direct effect of spirituality
on vaccination uptake was not supported in the initial regression
analysis. This might be due to the fact that the direct effect of spir-
ituality on vaccine uptake is generally small and can be more likely
detected with a more powerful statistical test, such as SEM. Future
research should assess whether spirituality directly contributes to
vaccination behaviour using large population-wide samples.
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Overall, we demonstrate that even in the face of a global health
crisis and high risk of contracting Covid-19, highly spiritual people
show stronger Covid-19 vaccine scepticism. These findings corrob-
orate accumulating evidence for spirituality being uniquely associ-
ated with vaccine scepticism, but not scepticism towards other
science domains [30,31,32]. This pattern of results has been also
identified across different cultures, with pronounced effects in
WEIRD countries [32,31,33]. We further contribute to this litera-
ture by showing that these the association between spirituality
and vaccination scepticism findings also extends to Covid-19 vac-
cination scepticism. Our data also suggest that spiritual individuals
are more indecisiveness to be vaccinated and are less likely to get
Covid-19 vaccines due to their general low faith in science and
increased scepticism. We did not obtain evidence suggesting that
conspiracy beliefs explain the association between spirituality
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and Covid-19 vaccination scepticism. Although conspiracy beliefs
might share important psychological functions (e.g., epistemic, or
social needs) with spirituality [8], it is likely that spiritual individ-
uals do not rely on conspiracy theories to gain knowledge about
vaccination. Instead, they might rely more on faith in intuition or
personal experiences to form attitudes towards health-related
science domains, as opposed to conspiracies and scientific findings
[31,1]. In turn, faith in intuition has been found to predict stronger
negative attitudes towards vaccines [34].

Finally, we would like to note our participant samples were lim-
ited to British users of an online recruitment platform. Although
this could limit generalizability of our findings to British popula-
tion, we recruited balanced samples in terms of age and gender
that aimed at representing the composition of the British popula-
tion. Further, the results of our studies are correlational in nature
and no causal inferences should be made about the effect of spiri-
tuality on Covid-19 vaccine scepticism.
8. Practice recommendations

We suggest that in order to improve vaccination rate of Covid-
19 vaccines, it is important to focus on and address two main cor-
relates of Covid-19 vaccine scepticism: High spiritual beliefs and
low science literacy - both of these predictors were equally as
important in contributing to vaccine scepticism, but only spiritual-
ity was directly involved in behavioural intentions (i.e., vaccine
indecisiveness) and vaccine uptake. First, improving vaccination
rates could involve increasing general faith in science among spir-
itual individuals, as this variable was crucial in explaining the rela-
tionship between spirituality and vaccine scepticism. This could be
achieved by tailoring science communication about Covid-19
boosters by using examples of beneficial personal/intuitive experi-
ences of people who plan to or have already received Covid-19 vac-
cines [5,11]. For example, this could be done by describing positive
bodily experiences associated with being better protected against
Covid-19 after receiving a vaccine, e.g., discussing how the vaccine
helped to boost and connect with a person’s inner strength. Fur-
ther, spirituality has been recently linked to pro-environmental
attitudes [28]. Hence, stressing that vaccines are natural, rather
than artificial or ‘‘chemical”, could help convince spiritual individ-
uals that vaccination cannot poison them or the environment. Sec-
ond, designing educational programs to increase people’s basic
scientific knowledge could further tackle the problem of high scep-
ticism associated with low science literacy and reduce the feeling
that science is counterintuitive. Previous research has shown
promising effects of educational programs on science acceptance
in the domain of genetically modified foods [22].
9. Conclusion

The current findings contribute to the accumulating body of
research on attitudes towards science by demonstrating that self-
identified spirituality is a crucial individual difference predictor
of scepticism towards Covid-19 vaccination. Additionally, we show
that the link between spirituality and scepticism is explained by
low faith in science. Importantly, spirituality is also a direct ante-
cedent of behavioural responses to Covid-19 vaccines involving
increased Covid-19 vaccine indecisiveness and lower likelihood
of vaccine uptake. Further, we identified science literacy as another
consistent correlate of vaccine scepticism. To conclude, spirituality
is a crucial belief system explaining vaccination-related responses
and should be acknowledged when considering attempts to reduce
vaccination rejection.
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N. Zarzeczna, T. Bertlich, B. Većkalov et al. Vaccine 41 (2023) 226–235
and USA. Nat Hum Behav 2021;5(3):337–48. https://doi.org/10.1038/s41562-
021-01056-1.

[20] Malik AA, McFadden SM, Elharake J, Omer SB. Determinants of COVID-19
vaccine acceptance in the US. EClinicalMedicine 2020;26:. https://doi.org/
10.1016/j.eclinm.2020.100495100495.

[21] McPhetres J, Jong J, Zuckerman M. Religious Americans have less positive
attitudes toward science, but this does not extend to other cultures
194855062092323. Soc Psychol Personal Sci 2020. https://doi.org/10.1177/
1948550620923239.

[22] McPhetres J, Rutjens BT, Weinstein N, Brisson JA. Modifying attitudes about
modified foods: Increased knowledge leads to more positive attitudes. J
Environ Psychol 2019;64:21–9. https://doi.org/10.1016/j.jenvp.2019.04.012.

[23] McPhetres J, Zuckerman M. Religiosity predicts negative attitudes towards
science and lower levels of science literacy. PLOS ONE 2018; 13(11):
e0207125. 10.1371/journal.pone.0207125.

[24] Murphy J, Vallières F, Bentall RP, Shevlin M, McBride O, Hartman TK, et al.
Psychological characteristics associated with COVID-19 vaccine hesitancy and
resistance in Ireland and the United Kingdom. Nat Commun 2021;12(1):29.
https://doi.org/10.1038/s41467-020-20226-9.

[25] Neumann-Böhme S, Varghese NE, Sabat I, Barros PP, Brouwer W, van Exel J,
et al. Once we have it, will we use it? A European survey on willingness to be
vaccinated against COVID-19. Eur J Health Econ 2020;21(7):977–82. https://
doi.org/10.1007/s10198-020-01208-6.

[26] Newheiser AK, Farias M, Tausch N. The functional nature of conspiracy beliefs:
Examining the underpinnings of belief in the Da Vinci Code conspiracy. Pers
Individ Differ 2011;51(8):1007–11.

[27] Pennycook G, Bago B, McPhetres J. Science beliefs, political ideology, and
cognitive sophistication. J Exp Psychol Gen 2022. https://doi.org/10.1037/
xge0001267.

[28] Preston JL, Shin F. Opposing effects of spirituality and religious
fundamentalism on environmental attitudes. J Environ Psychol
2022;80:101772.

[29] Rutjens BT, Preston JL. Science and religion: A rocky relationship shaped by
shared psychological functions. In: The Science of Religion, Spirituality, and
Existentialism. Elsevier; 2020, pp. 373–385. 10.1016/B978-0-12-817204-
9.00027-5
235
[30] Rutjens BT, Sutton RM, van der Lee R. Not all skepticism is equal: Exploring the
ideological antecedents of science acceptance and rejection. Pers Soc Psychol
Bull 2018;44(3):384–405. https://doi.org/10.1177/0146167217741314.

[31] Rutjens BT, van der Lee R. Spiritual skepticism? Heterogeneous science
skepticism in the Netherlands. Public Underst Sci 2020;29(3):335–52. https://
doi.org/10.1177/0963662520908534.

[32] Rutjens BT, Zarzeczna N, van der Lee R. Science rejection in Greece: Spirituality
predicts vaccine scepticism and low faith in science in a Greek sample
096366252110615. Public Underst Sci 2021. https://doi.org/10.1177/
09636625211061520.

[33] Rutjens BT, Sengupta N, der Lee RV, van Koningsbruggen GM, Martens JP,
Rabelo A, et al. Science Skepticism Across 24 Countries. Soc Psychol Personal
Sci 2022;13(1):102–17.

[34] Schindler J, Schindler S, Pfattheicher S. The role of intuition in vaccination
attitudes. J Health Psychol 2021;26(14):2950–7. https://doi.org/10.1177/
1359105320925160.

[35] Schönbrodt FD, Perugini M. At what sample size do correlations stabilize? J Res
Pers 2013;47(5):609–12. https://doi.org/10.1016/j.jrp.2013.05.009.

[36] Shtulman A. Scienceblind: Why our intuitive theories about the world are so
often wrong. Basic Books; 2017.

[37] Stasielowicz L. Who believes in conspiracy theories? A meta-analysis on
personality correlates. J Res Pers 2022;98:. https://doi.org/10.1016/j.
jrp.2022.104229104229.

[38] Streib H, Hood RW. ‘‘Spirituality” as privatized experience-oriented religion:
Empirical and conceptual perspectives. Implicit Religion 2011;14(4):433–53.
https://doi.org/10.1558/imre.v14i4.433.

[39] van Bavel JJ. Using social and behavioural science to support COVID-19
pandemic response. Nat Human Behav 2020; 4: 12.

[40] Ward C, Voas D. The emergence of conspirituality. J Contemp Relig 2011;26
(1):103–21. https://doi.org/10.1080/13537903.2011.539846.

[41] Danner Daniel, Hagemann Dirk, Fiedler Klaus. Mediation analysis with
structural equation models: Combining theory, design, and statistics.
European Journal of Social Psychology 2015;45(4). https://doi.org/10.1002/
ejsp.2106Citations: 39.

https://doi.org/10.1038/s41562-021-01056-1
https://doi.org/10.1038/s41562-021-01056-1
https://doi.org/10.1016/j.eclinm.2020.100495
https://doi.org/10.1016/j.eclinm.2020.100495
https://doi.org/10.1177/1948550620923239
https://doi.org/10.1177/1948550620923239
https://doi.org/10.1016/j.jenvp.2019.04.012
https://doi.org/10.1038/s41467-020-20226-9
https://doi.org/10.1007/s10198-020-01208-6
https://doi.org/10.1007/s10198-020-01208-6
http://refhub.elsevier.com/S0264-410X(22)01463-3/h0140
http://refhub.elsevier.com/S0264-410X(22)01463-3/h0140
http://refhub.elsevier.com/S0264-410X(22)01463-3/h0140
https://doi.org/10.1037/xge0001267
https://doi.org/10.1037/xge0001267
http://refhub.elsevier.com/S0264-410X(22)01463-3/h0150
http://refhub.elsevier.com/S0264-410X(22)01463-3/h0150
http://refhub.elsevier.com/S0264-410X(22)01463-3/h0150
https://doi.org/10.1177/0146167217741314
https://doi.org/10.1177/0963662520908534
https://doi.org/10.1177/0963662520908534
https://doi.org/10.1177/09636625211061520
https://doi.org/10.1177/09636625211061520
http://refhub.elsevier.com/S0264-410X(22)01463-3/h0175
http://refhub.elsevier.com/S0264-410X(22)01463-3/h0175
http://refhub.elsevier.com/S0264-410X(22)01463-3/h0175
https://doi.org/10.1177/1359105320925160
https://doi.org/10.1177/1359105320925160
https://doi.org/10.1016/j.jrp.2013.05.009
http://refhub.elsevier.com/S0264-410X(22)01463-3/h0195
http://refhub.elsevier.com/S0264-410X(22)01463-3/h0195
https://doi.org/10.1016/j.jrp.2022.104229
https://doi.org/10.1016/j.jrp.2022.104229
https://doi.org/10.1558/imre.v14i4.433
https://doi.org/10.1080/13537903.2011.539846
https://doi.org/10.1002/ejsp.2106Citations:39
https://doi.org/10.1002/ejsp.2106Citations:39

	Spirituality is associated with Covid-19 vaccination scepticism
	1 Method
	1.1 Participants
	1.2 Materials and procedure
	1.3 Main predictors
	1.3.1 Scepticism towards Covid-19 vaccines
	1.3.2 Faith in science
	1.3.3 Covid-19 Knowledge Test
	1.3.4 Science literacy test
	1.3.5 Political orientation
	1.3.6 Religiosity
	1.3.7 Religious Orthodoxy
	1.3.8 Self-identified spirituality
	1.3.9 Demographics
	1.3.10 Scientific reasoning scale
	1.3.11 Subjective science knowledge
	1.3.12 Belief in conspiracy theories
	1.3.13 Vaccination indecisiveness and uptake


	2 Analytical strategy
	3 Results
	3.1 Studies 1 & 2: Covid-19 vaccine scepticism
	3.1.1 Study 1
	3.1.2 Study 2


	4 Establishing the mediating role of faith in science using SEM
	5 Study 3: Vaccination intentions and Covid-19 vaccine uptake
	5.0.1 Covid-19 vaccine indecisiveness
	5.0.2 Covid-19 vaccine uptake

	6 Study 3: Vaccination intentions and Uptake: SEM analysis
	6.1 Covid-19 vaccine indecisiveness
	6.2 Covid-19 vaccine uptake
	6.3 Summary

	7 Discussion
	8 Practice recommendations
	9 Conclusion
	Declaration of Competing Interest
	Appendix A Supplementary material
	References


